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Abstract 

Diameter distributions of Acacia smallii Isley were examined in the South Texas 
Plains Region in a series of successional communities ranging in age from 15 yr to 
mature stands > 150 yr. In the 15 yr stand, all individuals were in the sapling stage 
and the size class distribution was non-normal and positively skewed. Mid-succes- 
sional and older woodland communities had distributions that approached normal 
curves. Mean live basal area of A. smallii increased in stands up to 25-29 yr, and 
then declined. There was no recruitment of A. smallii in stands 19 yr or older. The 
mean number of stems per plant increased and then decreased in the progression 
from younger to older stands. Dead stems increased from zero in the 15 yr stand to 
66% of the A. smallii density in the 33 yr stands. Of the total A. smallii basal area, 
ca. 70% was dead tissue in the 33 yr stands. No individuals of A. smallii were present 
in the mature forest community. Possible cause of this lack of A. smallii recruitment 
was the low light environment caused by canopy closure. Demographic analyses of 
A. smallii diameter distributions suggest it is an early successional species. 


Acacia smallii Isley (huisache) is found throughout the southern 
United States from northern Florida to California (Correll and John¬ 
ston 1970). In south Texas, it is reported on approximately 1.1 
million ha with more than 20% cover occurring in some places 
(Smith and Rechenthin 1964). Acacia smallii is a heliophyte (Bush 
and Van Auken 1986a), and is tolerant of low levels of soil nitrogen 
(Van Auken et al. 1985). Acacia smallii has been reported as an 
early successional species in south Texas (Van Auken and Bush 
1985); however, there are no reports of demographic or allometric 
characteristics of this species. 

Studies of demographic characteristics of long-lived woody plants 
in natural plant populations are scarce (Harper 1977). Whittaker 
(1975) suggested that early successional species, those that would 
not remain in a mature forest community, developed normal dis¬ 
tributions, whereas the mature forest species had negative exponen¬ 
tial distributions. Mohler et al. (1978) proposed idealized frequency 
distributions of trunk diameters for selected stages in succession. 
During stand establishment, the frequency distribution is a nega¬ 
tively skewed function. After establishment, but before the start of 
thinning, the distribution approaches a normal curve; at the start of 
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Fig. 1 . Habitats of Acacia smallii during several stages of secondary succession. 
A. Multi-stemmed growth form of A. smallii. B. Early open savanna or woodland 
stage with a high grass density in the understory. C. Canopy closure during the late 
savanna stage. D. Early mature forest stage with most^. smallii dead, and the presence 
of other deciduous species in the overstory. 


thinning the distribution is positively skewed. Finally, during late 
thinning the curve again approaches a normal distribution. Other 
studies, although less comprehensive, showed that disturbance se¬ 
quence, site or niche difference, and initial density or spacing were 
all factors that had a role in determining the demographics of a 
species (Koyama and Kira 1956, Davidson and Donald 1958, Yoda 
etal. 1963, Leak 1975, Crisp and Lange 1976, Crisp 1978, Harcombe 
and Marks 1978, Ross et al. 1982, Knowles and Grant 1983, West 
and Borough 1983). 

In addition to changes in the demographics of a plant population, 
increased competition causes alterations in the morphology of in¬ 
dividual plants (Harper 1977). Morphological changes occur in whole 
plants, for example, as shown in the annual diameter growth of Picea 
sitchensis (Bong.) Carr, at various spacings (Jack 1971). Additional 
changes in whole plant morphology were demonstrated in Pseudo- 
tsuga menziesii (Mirb.) Franco, which showed a larger number of 
suppressed individuals at higher densities (Curtis and Reukema 1970). 
Jack (1971) demonstrated a reduction in the number of branches in 
Picea sitchensis grown at high densities. 

The purposes of this study were to examine some demographics 
of population development and decline of Acacia smallii, and to 
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examine some allometric changes of this species associated with 
temporal change. 


Methods 

This study was conducted in the northern portion of the South 
Texas Plains Region of Texas (Gould 1969). Fifteen communities 
in various stages of secondary succession were selected for detailed 
analyses. The sites were located on flood plain terraces of the San 
Antonio River, which potentially support riparian woodland or for¬ 
est communities (for locations see Van Auken 1982, Bush and Van 
Auken 1984). Climate of the upper San Antonio River area is dry 
subhumid (Thornthwaite 1948). This area receives approximately 
71 cm/yr rainfall, with a mean annual temperature of 15.5°C (Carr 
1967, Arbingast et al. 1976). Soils are deep loams (240-310 cm), 
that usually are well drained, calcareous, and friable (Taylor et al. 
1966, Taylor 1977). 

Candidate stands were examined during a series of field surveys. 
Stands also were located on aerial photographs and soil survey maps, 
and local residents were interviewed concerning past history of the 
sites. Selection was based on stand area, lack of additional distur¬ 
bance other than light grazing in the mature communities, uniform¬ 
ity of physical features, and vegetation. Selected stands depicted 
various stages in a chronological sequence from open fields to mature 
forests. 

The stands selected for study were 1-5 ha in size, and the area 
sampled in each stand ranged from 0.1-0.5 ha. Most of the stands 
were cleared in the 1950’s. The mature stands were estimated to be 
in excess of 150 yr, as based on tree ring analyses. 

Stands were sampled using belt transects, with 5 m x 5 m quadrats 
(Greig-Smith 1983). Density and basal area for all species except A. 
smallii were pooled. All stems greater than 1.0 cm in diameter at 
breast height were used to construct diameter distribution plots. 

Demographic characteristics for the various stands were analyzed 
by size class (diameter). The width of the size classes in each stand 
was determined by dividing the range of diameters into 12 equal 
size classes (Mohler et al. 1978). Statistical tests included Chi-square 
analysis to test for normal distributions and a “t” statistic to test 
for skewness (gi, asymmetry) and kurtosis (g 2 , peakedness) (Sokal 


Fig. 2. Live (■) and dead (□) standing stem density (A) and basal area (B) for 
Acacia smallii and all other woody species combined (^) for a series of successional 
stands. Asymmetry (skewness = O) and peakedness (kurtosis = •) of the A. smallii 
populations also are presented (C) with the number (N) of stands sampled (D). M = 
mature stands greater than 150 yr old. 
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Fig. 3. Frequency distribution of live stems of Acacia smallii in secondary succes¬ 
sion including a 15 yr stand (A), a 27 yr stand (B), and a 33 yr stand (C). n = the 
total number of plants measured in each stand, the distributions are not normal (Chi- 
squared, p < 0.05). 


and Rohlf 1981). An example of a 15, 27, and 33 yr stand is pre¬ 
sented. Several morphological characteristics of A. smallii were ex¬ 
amined including the number of stems per plant and the number 
and percent of dead stems per plant for each stand. 

For determination of stand age, 52 plants of smallii (of various 
sizes and from various stands) were cored using the increment coring 
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technique (Fritts 1976). Regression analysis (Steel and Torrie 1980) 
was performed between tree diameter and tree age using all 52 sam¬ 
ples (r = 0.88, p < 0.001). Next, the diameters of the five largest 
trees in each stand were used to estimate the stand age. Stand age 
was determined by adding 5 yr to the mean tree age (from regression) 
to account for seed recruitment and an additional 3 yr to account 
for growth from ground level to breast height (measured differences). 

Results 

Some typical flood plain terrace habitats that include A. smallii 
are shown in Fig. 1. Secondary succession begins with a community 
disturbance. Within 5 yr, smallii and other woody species colonize 
the area (Fig. 2A). Acacia smallii increased in density and basal area 
for the next 25 yr and dominated the stands (Fig. 2A,B). Dead A. 
smallii first appeared in 25 yr stands. Of the total standing basal 
area in 25 yr stands, ca. 16% was dead ^4. smallii. This value increased 
to ca. 39% of the total standing basal area in the 33 yr stand. In the 
33 yr stand, 74% of the A. smallii basal area was dead tissue. Acacia 
smallii density followed a similar trend. Species composition shifted 
and stands greater than 30 yr had a high density and basal area of 
Celtis laevigata Willd. Acacia smallii was not present in the mature 
stands, which were dominated by C. laevigata, Carya illinoinensis 
(Wang.) K. Koch, and Ulmus crassifolia Nutt, (see Bush and Van 
Auken 1984, Van Auken and Bush 1985). 

None of the stands examined had statistically normal distributions 
for A. smallii (Chi-square analyses p :< 0.05). Skewness decreased 
from the highest value (1.08) in the 15 yr stand and approached zero 
in older stands (Fig. 2C). Kurtosis also was highest (1.90) in the 15 
yr stand, but decreased to ca. — 1 in the 25-29 yr stands and ap¬ 
proached zero in the oldest stands. 

The diameter distribution for the 15 yr stand was a significant, 
positively skewed function (gj = 1.08; t = 4.41, p < 0.001) (Fig. 
3A). The distribution was also leptokurtotic (peaked) (g 2 = 1.90; 
t = 3.88, p < 0.001). The largest individual in this stand was ca. 10 
cm in diameter. The 27 yr stand was not skewed, but was platy- 
kurtotic (flattened); however, neither value was statistically signifi¬ 
cant (Fig. 3B). The largest individual was ca. 37 cm in diameter or 
3.7 times larger than the largest tree in the 15 yr stand. In the 33 yr 
stand, the distribution was slightly, positively skewed and was platy- 
kurtotic (Fig. 3C). No individuals were found in the smallest size 
classes. The largest individual was 26 cm in diameter. No A. smallii 
plants were found in the mature stands (>150 yr). 

The number of stems per plant (both live and dead) for smallii 
was time dependent (Fig. 4). In the 15 yr stand, number of stems 
per plant ranged from 1-17 with no dead stems (Fig. 4A). In the 27 
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Fig. 4. Frequency distribution of number of stems/plant in a 15 yr stand (A), a 
27 yr stand (B), and a 33 yr stand (C). ■ = live stems; □ = dead stems. 



yr stand, number of stems per plant ranged from 2-18. There were 
no single stemmed plants and those standing with 2 stems were 
dead. In general, almost all other plants had 50% dead stems (Fig. 
4B). In the 33 yr stand, number of stems was reduced to 1-8 per 
plant, more than 50% of the stems per plant were dead, and many 
of the larger trees were dead (Fig. 4C). 

Discussion 

In many areas of southern Texas, Acacia smallii is a pioneer woody 
species that colonizes abandoned farmland or rangeland. Although 
it increases in density and basal area, community dominance of A. 
smallii only lasts approximately 30 yr, at which time it is replaced 
by mature community species (Van Auken and Bush 1985). De¬ 
mographic characteristics examined showed the fate of A. smallii in 
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older stands. Density decreased and basal area increased, as has been 
shown for other early successional forest species (e.g., Spun* and 
Barnes 1973). Furthermore, a self-pruning of stems occurred; thus, 
the tendency of growth form was toward single stemmed trees in 
older communities. Finally, with overtopping by Celtis laevigata 
and subsequent additional shading, the remaining trees died. 

Acacia smallii seems to follow the pattern of frequency distribu¬ 
tion that was proposed by Mohler et al. (1978) for Prunus pennsyl- 
vanica L. In the present study, the 15 yr stand was well beyond their 
“establishment” and “transition” stages, but was similar to their 
“start of thinning” stage, which is a positively skewed function. 
Phytosociological data showed an increase in the basal area of A. 
smallii from the 15-27 yr stands, but a 46% decrease in density, 
which supports the start of thinning hypothesis. Although none of 
the frequency distributions in the present study were normal, the 
distribution in the late successional community did approach a nor¬ 
mal curve similar to the “late thinning” stage. 

The differences between the present study and the frequency dis¬ 
tributions of single species proposed by Mohler et al. (1978) are 
probably due to several factors. In addition to intraspecific com¬ 
petition that causes thinning in plant populations, interspecific com¬ 
petition was probably also playing a critical role in shaping the 
frequency distribution of A. smallii. In the early stand, thinning was 
most likely through the death of the smallest individuals; however, 
in the mid- and late stands, death occurred to parts of whole plants 
before the individuals died. Whereas in the early stands none of the 
individuals had dead stems, the mid- and late stands showed in¬ 
creased death to stems of individuals. In addition, in the mid- and 
late stands, there was no recruitment of A. smallii. 

Whittaker (1975) suggested that colonizing species would develop 
bell-shaped frequency distributions, whereas mature community 
species would have negative exponential distributions. This is prob¬ 
ably an oversimplification, and dependent on episodic seedling es¬ 
tablishment. Furthermore, his data suggested that, as the population 
of a colonizer ages, the distribution remained normal, but frequency 
of individuals in each size or age class would be reduced by deaths. 

Changes in the available resources in a temporal sequence greatly 
affect the competitive ability of the species involved and, therefore, 
affect the frequency distributions. Acacia smallii is a heliophyte and 
tolerates low levels of soil nitrogen (Van Auken et al. 1985, Bush 
and Van Auken 1986a). Consequently, early in succession, A. 
smallii is a better competitor than late community species, which 
require higher levels of soil nitrogen (Van Auken et al. 1985, Bush 
and Van Auken 1986a). In early stands, therefore, intraspecific com¬ 
petition is probably more intense for A. smallii than interspecific 
competition; hence, smaller individuals often die. In older stands. 
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light becomes limiting and soil nitrogen levels favor the late com¬ 
munity species (Bush and Van Auken 1986a,b). These conditions 
apparently do not allow recruitment of A. smallii (Van Auken and 
Bush 1985), whereas interspecific competition affects the larger in¬ 
dividuals through the death of stems and, finally, the death of the 
trees. In the mature forest, A. smallii disappears and species such 
as Celtis laevigata dominate because they are better competitors in 
the canopy shade. 


Acknowledgments 

This study was supported in part by the U.S. Department of the Interior, National 
Park Service. We especially thank Ms. M. Bush Thurber and Mr. J. Cisneros of the 
San Antonio Missions National Historical Park for their encouragement. We are 
grateful to Mr. and Mrs. W. Southern for access to their land along the San Antonio 
River and to Mr. D. Riskind of the Texas Parks and Wildlife Department for access 
to undeveloped parkland in the same area. We also thank Dr. D. C. Randall and an 
anonymous reviewer for many helpful comments and corrections. 


Literature Cited 

Arbingast, S. a., L. G. Kennamer, R. H. Ryan, J. R. Buchanan, W. L. Hezlep, 
L. T. Ellis, T. G. Jordan, C. T. Granger, and C. P. Zlatkovich. 1976. Atlas 
of Texas. Univ. Texas Bur. Bus. Res., Austin, TX. 

Bush, J. K. and O. W. Van Auken. 1984. Woody-species composition of the upper 
San Antonio River gallery forest. Tex. J. Sci. 36:139-148. 

-and-. 1986a. Light requirements of Acacia smallii and Celtis laevigata 

in relation to secondary succession on floodplains of south Texas. Amer. Mid. 
Nat. 115:118-122. 

-and-. 1986b. Changes in nitrogen, carbon and other soil properties 

during secondary succession. Soil Sci. Soc. Amer. J. 50:1597-1601. 

Carr, J. T. 1967. The climate and physiography of Texas. Texas Water Develop. 
Board Reps., Austin, TX. 

CoRRELL, D. S. and M. C. Johnston. 1970. Manual of the vascular plants of Texas. 
Tex. Res. Found., Renner, TX. 

Crisp, M. D. 1978. Demography and survival under grazing of three Australian 
semi-desert shrubs. Oikos 30:520-528. 

- and R. T. Lange. 1976. Age structure, distribution and survival under 

grazing of the arid-zone shrub Acacia burkittii. Oikos 27:86-92. 

Curtis, R. O. and D. L. Reukema. 1970. Crown development and site estimates 
in a Douglas fir plantation spacing test. For. Sci. 16:287-301. 

Davidson, J. L. and C. M. Donald. 1958. The growth of swards of subterranean 
clover with particular reference to leaf area. Aust. J. Agri. Res. 9:53-72. 

Fritts, H. C. 1976. Tree rings and climate. Academic Press, New York. 

Gould, F. W. 1969. Texas plants: a checklist and ecological summary. Texas Agri. 
Exp. Sta. Bull. MP 505a. 

Greig-Smith, P. 1983. Quantitative plant ecology. Butterworth, London. 

Harcombe, P. a. and P. L. Marks. 1978. Tree diameter distributions and replace¬ 
ment processes in southeast Texas forests. For. Sci. 24:153-166. 

Harper, J. L. 1977. Population biology of plants. Academic Press, London. 

Jack, W. H. 1971. The influence of tree spacing on Sitka spruce growth. Irish 
Forestry 28:13-33. 

Knowles, P. and M. C. Grant. 1983. Age and size structure analyses of Engelmann 
spruce, ponderosa pine, lodgepole pine, and limber pine in Colorado. Ecology 
64:1-9. 

Koyama, H. and T. Kira. 1956. Intraspecific competition among higher plants. 







1987] 


BUSH AND VAN AUKEN: ACACIA SMALLII 


259 


VIII. Frequency distribution of individual plant weight as affected by the inter¬ 
action between plants. J. Inst. Polytech. Osaka Cy. Univ. 7:73-94. 

Leak, W. B. 1975. Age distribution in virgin red spruce and northern hardwoods. 
Ecology 56:1451-1454. 

Mohler, C. L., P. L. Marks, and D. G. Sprugel. 1978. Stand structure and 
allometry of trees during self-thinning of pure stands. J. Ecol. 66:599-614. 

Ross, M. S., T. L. Sharik, and D. W. Smith. 1982. Age-structure relationships of 
tree species in an Appalachian oak forest in southwest Virginia. Bull. Torrey Bot. 
Club 109:287-298. 

Smith, H. N. and C. A. Rechenthin. 1964. Grassland restoration: the Texas brush 
problem. U.S. Agri., Soil Cons. Soc. Unnumbered Publ. 

SoKAL, R. R. and F. J. Rohlf. 1981. Biometry. W. H. Freeman, San Francisco, CA. 

Spurr, S. H. and B. V. Barnes. 1973. Forest ecology. Ronald Press, New York. 

Steel, G. D. and J. H. Torrie. 1980. Principles and procedures of statistics: a 
biometric approach. McGraw-Hill, New York. 

Taylor, F. B. 1977. Soil survey of Wilson County, Texas. U.S. Dept. Agri., Soil 
Cons. Serv., Washington, D.C. 

-, R. B. Hailey, and D. L. Richmond. 1966. Soil survey of Bexar County, 

Texas. U.S. Dept. Agri., Soil Cons. Serv., Washington, D.C. 

Thornthwaite, C. W. 1948. An approach toward a rational classification of climate. 
Geogr. Rev. 38:55-94. 

Van Auken, O. W. 1982. Landscape study of the San Antonio Missions: botanical 
aspects. Final report submitted to the U.S. Dept. Int., Nat. Park Ser., San Antonio 
Missions Nat. Hist. Park. 

-and J. K. Bush. 1985. Secondary succession on terraces of the San Antonio 

River. Bull. Torrey Bot. Club 112:158-166. 

-, E. M. Gese, and K. Connors. 1985. Fertilization response of early and late 

successional species: Acacia smallii Celtis laevigata. Bot. Gaz. 146:564-569. 

West, P. W. and C. J. Borough. 1983. Tree suppression and the self-thinning rule 
in a monoculture of Pinus radiata D. Don. Ann. of Bot. 52:149-158. 

Whittaker, R. H. 1975. Communities and ecosystems. MacMillan, New York. 

Yoda, K., T. Kira, H. Ogawa, and K. Hozumi. 1963. Self thinning in overcrowded 
pure stands under cultivated and natural condition. J. Biol. Osaka Cy. Univ. 14: 
107-129. 

(Received 7 Sep 1986; revision accepted 22 Apr 1987.) 


ANNOUNCEMENT 

New Publication 

Grayson, A. J., Birds of the Pacific Slope, The Arion Press, 460 Bryant St., 
San Francisco, CA 94107, 1986, $45.00. [Includes a portfolio of 165 bird 
portraits (full-scale facsimiles), reproducing all surviving paintings (California 
and Mexico from 1853-1869) from the Bancroft Library (UC); a book with 
preface by S. D. Ripley; and a biography of the artist and naturalist by Lois 
C. Stone (long-time member of the (California Botanical Society), with bird 
biographies and field notes by Grayson and current ornithological descriptions 
for each plate. Excellent plant and landscape paintings are associated with the 
portraits. This work is considered by some authorities to be the most important 
contribution to American Ornithology (i.e., illustrations and biographies) next 
to the work of Audubon.] 











